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INTRODUCTION

The Information Sciences and Human Factors (IS&I-IF) Division is one of the five divisions that comprise

NASA's Office of Aeronautics and Space Technology (OAST). This division sponsors research in both

aeronautical and space technology. This Annual Report documents the most significant accomplishments

during the past year. Each year, the Annual Report is prepared to serve as the primary mechanism for

coordinating NASA activities with industry and industrial IR&D managers. This document is also intended

to communicate significant technical accomplishments to NASA technologists, project engineers, other govern-

ment agencies and academia.

The IS&HF Program consists of seven major elements: Automation and Robotics, Computer Sciences, Com-

munications, Controls and Guidance, Data Systems, Human Factors, and Sensor Technology. Accomplishments

are presented in all seven categories: Controls and Guidance and Human Factors are shown in two sections,

Space and Aeronautics. Total program funding, including civil service manpower costs, for FY88 is shown
below.

Element Aero ($M) Space ($M) Total R&D ($M)

Automation and Robotics

Communications Systems

Computer Science
Controls and Guidance

Data Systems
Human Factors

Sensor Technology

16.7
30.4

24.7

31.3 31.3
8.5 8.5

6.5 23.2

6.3 36.7

13.2 13.2

5.2 29.9

16.0 16.0

The NASA Civil Space Technology Initiative (CSTI) will be initiated in FY88 with the goal of revitalizing
the nation's civil space technology capabilities and enabling more efficient, reliable and less cosily space

transportation and earth orbit operations. The IS&I-IF Division will have focused CSTI technology activities

in High Speed/Capacity Data Systems, Science Sensors, Automation and P,ob_cs. Funding for these activities

are included above. In FY89 another new initiative, Pathfinder, is being planned. The objective of Pathfinder

will be to develop and validate critical enabling technologies for furore exploration missions. It is anticipated
Pathfinder will include focused Information Sciences and Human Factors activities in Planetary Rover

Technology, Optical Communications, Human Factors/Life Support, Automated Rendezvous and Docking,

Adaptive Hazard Avoidance Landing, and Photonic Systems.

To aid in the communication of program efforts, the names and phone numbers of Headquarters program

managers are included in this report along with the names and phone numbers of the key center technologists

who conducted or managed the significant technology activities.

DIVISION DIRECTOR: Lee Holcomb, (202) 453-2747

DEPUTY DIRECTOR: Ray Hood, (202) 453-2745
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Automation and Robotics

OAST created the Civil Space Technology Initiative (CSTI) as a flve-year effort

to improve by an order of magnitude NASA space technology. Of particular

concern has been the cost of NASA ground and flight operations, such that the

CSTI program has focused significant resources on development and demonstration

of automation and robotics technologies for space applications. Artificial

Intelligence and Telerobotlcs when applied to the space environment have the

capability to significantly improve productivity and enhance safety, as well as

reduce the cost of NASA operations.

The automation and robotics program is divided into two areas, with Autonomous

Systems focusing on the automation of control systems for the Space Station and

mission operations and Telerobotics focusing on automation for in-space

servicing, assembly, and repair. Each has a planned sequence of integrated

demonstrations showing the evolutionary advance of the state-of-the-art.

Applications demonstrations are planned at NASA Mission Centers for the

transfer of the technology into the operations environment. Underlying the

demonstrations are five research areas that will develop expertise in: sensing

and perception; planning and reasoning; control execution; operator interface;

and systems architecture and integration. Coordination with DARPA's A&R

program is achieved since NASA acts as a DARPA agent. Memoranda of

Understanding have been developed with Space Station for the transfer of OAST

developed technologies to the Flight Telerobotlc Servicer and the Thermal and

Power Control Systems.

FY87 has seen the establishment, and significant initial accomplishments of the

A&R program. The Telerobotics Program has achieved a major milestone towards

completion of their first major technology demonstration through the vision-

based tracking of a spinning satellite (once it is initialized by a human-

guided graphic overlay), and the synchronized positioning of the manipulator

arms. Three applications demonstrations were completed using the Beam Assembly

Teleoperator. The applications were: assembling beam elements into a space

structure; using a general control structure for coordinated movement of

multiple robot arms; and using the Oak Ridge National Laboratory's teleoperated

manipulator to recreate the Access experiment. The Autonomous Systems Program

has achieved a major milestone towards the Space Station Thermal Control Expert

System technology demonstration through the completion of System Build I which

has led to the development of the Model Tool Kit. Accomplishments toward

completion of applications demonstrations have occurred with the development of

an operational readiness prototype expert system for the monitoring of the

Shuttle communications systems and initial integration of the KATE and GMODS

for diagnostics and control of the Shuttle Environmental Control System.

Major research goals were accomplished in the areas of: operator interface;

systems architecture and integration; and planning and reasoning. In the

operator interface element higher-performance force reflecting hand controllers

and triggers were tested for teleoperation. In the systems architecture and

integration element, the first design of the spaceborne symbolic processor was



completed with a reconfigurable, radiation resistant, fault-tolerant

architecture. In the planning and reasoning element, a collaborative effort

with DARPA began on research of intelligent communicating agents while the

Autoclass probabilistic reasoning system produced striking new classes of
spectral objects when applied to IRAS data.

In addition to the CSTI technologies, OAST has Been reviewing the technology

requirements for future planetary and lunar missions, and has packaged these

into the new initiative called Pathfinder. In the area of exploration a
significant amount of automation and robotics research will Be focused on the

development of a planetary rover that would act in the place of humans in the

scientific discovery of the moon and Mars - semi-autonomously, with only

occasional communication and direction from Earth. This is a challenging

problem in that the rover would effectively be a mobile laboratory with its own

instrumentation, tools and intelligence for self-navlgatlon, and rock sample

acquisition and analysis. This development effort is a requirement unique to

NASA, and it will build on the in-house expertise in automation and robotics

which has resulted from the CSTI program.

PROGRAM MANAGER= Dr. Melvin Montemerlo

NASA/OASTIRC

Washington, DC 20546

(202) 253-2744
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Communications Technology

The objective of the Communications Technology Program is to enable data

transmission to and from low Earth orbit, geostationary orbit, and solar and

deep space missions. This can be achieved by maintaining an effective,

balanced effort in basic, applied, and demonstration prototype communications

technology through work in theory, experimentation and components.

The program consists of three major research and development discipline areas.

They are: (i) microwave and millimeter wave tube component research and

development; (2) solid state monolithic integrated circuit research and

development; and (3) free space laser communications component and device

research and development. The research ranges from basic research in surface

physics (to study the mechanisms of surface degradation under high temperature

and voltage operating conditions which impacts cathode tube reliability and

lifetime) to generic research on the dynamics of electron beams and circuits

(for exploitation in various micro- and millimeter wave tube devices). Work is

also performed on advanced III-V semiconductor materials and devices for use in

monolithic integrated analog circuits (used in adaptive, programmable phased

arrays for microwave antenna feeds and receivers) - on the use of electro-

magnetic theory in antennas and on technology necessary for eventual employment

of lasers for free space communications for future low earth, geostationary and

deep space missions requiring high data rates with corresponding directivity

and reliability.

PROGRAMMANAGER: Martin M. Sokoloski

NASA/OAST/RC

Washington, DC 20546

(202) 453-2748
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Computer Sciences

N89-18400

The Computer Science Program provides advanced concepts, techniques, system

architectures, algorithms and software for both space and aeronautics

information sciences and computer systems.

The overall goal of the Computer Science Research Program is to provide the

technical foundation within NASA for the advancement of computing technology in

aerospace applications. This goal will be realized through a program of basic

research and experimentation which focuses on developing core skills within the

Agency in disciplines critical to NASA and on maintaining a strong university

base of fundamental research in aerospace computer science.

The research program is improving the state of knowledge of fundamental

aerospace computing principles and advancing computing technology in space

applications such as software engineering and information extraction from data

collected by scientific instruments in space. Emphasis is being placed on

producing highly reliable software for critical space applications.

The program includes the development of special algorithms and techniques to

exploit the computing power provided by high performance parallel processors

and special purpose architectures. Problem areas of importance include

computational fluid dynamics, computational chemistry, structural analysis,

signal processing and image processing. The computer architectures of interest

include common and local memory multlprocessors, single-instruction stream

multiple data stream processors, static data flow processors, systolic arrays

and heterogeneous multiprocessors with custom processors. Research is

conducted in programming languages and environments, parallel and distributed

operating systems and performance measurements.

Research is being conducted in the fundamentals of data base logic. This work

has resulted in the development of a common user interface for accessing data

from several data bases even when the data bases being accessed have very

different structures. This work provides the foundation that will enable NASA

space data users access to multiple data bases independent of their physical

distribution or structure. This work will reduce the cost of such

investigations and enable data base intensive scientific research that would

otherwise be unaffordable. Other work is underway to develop and test an

expert system that can serve as an assistant to researchers analyzing space
derived data.

Research is being conducted to improve techniques for producing reliable

computing systems. That work is directed at both reducing the number of faults

in software and making systems that are tolerant to faults. New approaches and

methods for software management and engineering have been devised and are now

being evaluated under real working conditions. Future objectives in a new

software engineering initiative will include research on the theoretical

foundation, and extending and evaluating approaches for developing reliable

complex software.

PRECEDING PAGE BLANK NOT FILMED
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The Computer Sciences Prosram is coordinated with the Space Station's Software

Support Environment (SSE) and the DOD sponsored Software Engineering Institute

(SEI) and ADA. NASA also participates with DOD on several advisory and

technical committees.

PROGRAM MANAGER: Dr. Paul H. Smith

NASAIOASTI&C
Washington_ DC 20546

(202) 453-2753
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N89-18401

Controls and Guidance - Aeronautics

The overall objective of the Aeronautics Controls and Guidance Program is to

provide a validated technology base leading to the development and

exploitation of new concepts, analysis and design methodologies, and flight

systems for future civil and military aircraft. This will provide increased

efficiency, effectiveness, reliability, and safety. The program is organized

into generic elements and vehicle-specific elements. The generic elements are

Control Theory, Guidance and Display Concepts, and Flight Crucial Systems.

Vehicle-specific elements are Generic Hypersonics , Subsonic

Transport/Commuter/General Aviation, Rotorcraft, and Fighter/Attack.

Research in the Control Theory element is directed toward the improved flight

control analysis and design methodologies for highly integrated, robust flight

control designs. These will account for strongly coupled, nonlinear plant

dynamics. To develop an understanding of the dynamics of new vehicles, such

as VSTOL and High Alpha research vehicles, system and parameter identification

methods are being developed. Emerging technologies, such as artificial

intelligence, are used in developing new approaches and concepts. Guidance

and Display Concepts research involves the development of automation concepts

and advanced display media. Flight Crucial Systems research is directed

toward the development of design, assessment, and validation methodologies for

flight crucial systems. Increasing emphasis will be placed on developing

validation methods for real-time, knowledge-based systems in flight crucial

applications.

Generic Hypersonics research concentrates on the integration of flight control,

propulsion control, sensors and displays. Subsonic Transport research seeks

technologies which will provide safer, more efficient civil transport

operations in the future National Airspace System. The major thrusts are air-

borne sensing, detection and avoidance of wind shear and the development of

efficient 4-D guidance and control systems leading to enhanced efficiency,

safety and capacity in the terminal area. Technology developments in automated

mission management and goal-dlrected flight path management leading to

automated nap-of-the-earth flight capability are areas of emphasis in the

Rotorcraft element. The focus in the Fighter/Attack element is on advanced

guidance and control concepts for future super-agile aircraft, development of

flight validation techniques for imbedded expert systems, and the development

of multidisciplinary design methodology for highly interactive dynamic systems.

The Aeronautical Controls and Guidance Program involves analytical and experi-

mental research performed by in-house, university and industry personnel.

Extensive use of ground-based simulation is a characteristic of the program

with selected flight experiments in a variety of aircraft. In the future,

more emphasis will be placed on carrying the most promising concepts into

flight evaluation and validation programs.

PROGRAM MANAGER: John D. DiBattista

NASA/OAST/RC

Washington, DC 20546

(202) 453-2743
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N89-18402

Controls and Guidance - Space

The Space Controls and Guidance Research and Technology Program is directed

toward enabling the next generation of space transportation systems, large

future spacecraft and space systems such as the growth Space Station to have

large communication antennas and high precision segmented reflector

astrophysical telescopes. The new generation of transportation vehicles has

demanding requirements to provide for an order of magnitude reduction in cost

as well as an increase in capability. The future orbital facilities have

demanding control requirements for pointing and stabilization, momentum

management, build-up and growth accommodation, and disturbance management.

To address these advanced requirements, the research and technology program for

Space Controls and Guidance is designed to provide the generic technology base

to support the implementation of advanced guidance, navigation, and control

(GN&C). This technology has the capability to provide for a large reduction

in both the number of people who plan and generate the mission software and the

people necessary later to provide for mission control. The early incorporation

of this technology into the system studies for new vehicles will also

positively impact vehicle design concepts to insure the full realization of

potential benefits.

The area of computational controls will be stressed in order to develop cost

effective, high speed, high fidelity control system simulation and analysis and

synthesis tools. The thrust of this work will be to develop methods and

software to enable analysis and real-time hardware-in-the-loop simulation of

complex spacecraft for control design certification. This capability has the

potential of achieving a 4 order-of-magnitude improvement in the ability to

rapidly analyze and simulate control systems for very large complex spacecraft.

To address future orbital facilities requirements, an advanced technology

program is underway in system identification, distributed control, integrated

controls/structures design methods, and advanced sensors and actuators.

Because the behavior of large, light weight per unit area deployable/assembled

spacecraft is greatly influenced by the ground environment (principally

gravity), the testing and verification activity is both ground- and space-

based.

PROGRAM MANAGER: John D. DiBattista

NASA/OAST/RC

Washington, DC 20546

(202) 453-2743
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FIBER OPTIC ROTATION SENSOR (FORS)
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THE CURRENT LARGE SPACE STRUCTURE

CONTROL TECHNOLOGY TEST CONFIGURATION
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SPACE CRAFT CONTROL
LABORATORY EXPERIMENT TEST ARTICLE
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Data_

N89.- 18403

The Data Systems Program consists of research and technology devoted to

controlling, processing, storing, manipulating, and analyzing space-derived

data. The objectives of the program are to provide the technology advancements

needed to enable affordable utilization of space-derlved data, to increase

substantially the capability for future missions of on-board processing and

recording and to provide high speed and high volume computational systems

anticipated for missions such as the evolutionary Space Station and Earth
Observing System.

The Data Systems Program supports fundamental research in such areas as laser

diodes, supports work to select and provide the appropriate on-board processor

technology for future NASA missions, and also supports the development of two

flight processors with special architectures. The ongoing support for solid

state laser research leads directly to the development of a 9 laser diode array

which is used in the Optical Disk Recorder. The laser research is also

focusing some effort applicable to Space Station data handling applications.

These devices are being developed to handle both the 300 _it/sec basic data

rate and the much higher rates needed to support networking and computer

internal communications. Complementary research is being supported to

characterize the fundamental performance and properties of various alternative
networking.

NASA missions require processors that will work very reliably in the space

environment. Computer systems for missions in polar orbit and some planetary

missions must operate reliably in high radiation environments. The Data

Systems Program capitalizes on the dramatic advances in electronics, computer

systems, and software which are occurring in both the public and private

sectors. It fosters and leads the development of technologies required to meet

NASA's unique data systems needs. NASA technical expertise is being applied in

cooperative arrangements with DOD, and products from the DOD VHSIC program,

and other DOD developments, are being assembled into processors for test and
evaluation.

The Advanced Digital SAR Processor includes a special architecture and

algorithms to process SAR data. The unit will have a compute rate of 6000

Megaflops per second. The Massively Parallel Processor (MPP) is being used for

ground processing of space image data, SAR data, and spectral analysis. The

MPP utilizes 16,384 processors. The research applications developed on the MPP

have verified the expected tremendous computational power of the MPP for the

target applications. Researchers outside of NASA in several universities,

research centers, and industry have been provided access to the MPP to gain an

understanding of the capabilities of the MPP and have applied these unique
resources to a broad range of computational problems.

Future objectives through the Civil Space Technology Initiative in High

Rate/High Capacity Data include data system architectural studies for new space

initiatives, significant advances in technologies and capabilities for on-board

image processing, data compression, high volume block access storage, data
networks, spectrometry and adaptive sensor control.

PROGRAM MANAGER: Dr. Paul H. Smith

NASA/OAST/RC PRECEDING PAGE BLANK NOT FILMEDWashington, DC 20546
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N89-18404

Human Factors - Aeronautics

The objectives of the aeronautics human factors research and technology program

are to provide the technology base and capability to design effective crew-

cockpit systems and to advance solutions to human problems affecting air

transport and rotorcraft effectiveness and safety. Advanced automation

technologies, new information display capabilities under computer control, and

concern for the effects of human error in flight operations are elements which

drive the directions of the program. Thus, the program has four thrusts: (I)

flight management; (2) human engineering methods; (3) rotorcraft; and (4)

subsonic transports.

Flight management research is aimed at development and evaluation of methods

and techniques that allow the crew to deal with various problems in the flight

environment. An expert system called Faultfinder was developed and is being

evaluated to allow early detection of engine failures and to recommend to the

crew alternatives in power management for safe operations. Studies were

completed which established the minimum amount of information to be displayed

to the pilot in an advanced tactical aircraft. Additional research was

performed on an advanced, three-dimensional display method which shows a path

in the sky to be followed for different flight regimes.

Human engineering research has had a long term objective to implement state-of-

the-art psychophysiological response measurement methods as an aid in crew

workload assessment. Several studies were completed which resulted in an

improvement in sensitivity whereby heart rate variability is measured during

various types of flight operations. Workload associated with low demands on

the pilot result in boredom. This mental state was measured and evaluated by a

new psychophysiological model.

Rotorcraft research focused on the different kinds of human visual requirements

for effective nap-of-earth (NOE) operations and the subsequent design consider-

ations for helicopter operations and displays. Studies were performed on work-

load and operational tasks of pilots involved in unusual rotorcraft

operations, such as police surveillance and medical evacuations. A data

collection program was initiated to gain data in an attempt to understand and

deal with the high number of incidents and accidents in these types of

operations.

Subsonic transport research, including commuter and general aviation, is

intended to develop and evaluate technologies that the crew can use to detect

and successfully avoid/escape wind shear hazards. Data on wind shear statis-

tics, structure and severity were collected and used to develop and evaluate

flight guidance techniques for recovery and escape. Concepts for the display

of wind shear information and route of recovery and escape were identified as

well and simulation data was obtained to further guide display development.

Extensive plans have been prepared and coordinated between Ames Research Center

and Langley Research Center for a new initiative, called Aviation Safety/

Automation, which will start in FY89. Its objective is to focus results of the

existing baseline research in order to improve the national airspace

transportation system capacity and safety and to demonstrate and transfer

pEr..Cr..D.'_ PAGE B,._:_K NOT FILMED
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effective technology to the national aviation community. This technology will

allow optimal integration of humans and automated systems, provide human-

centered automation in air traffic control and flight systems, and support and

improve human capabilities through fully compatible cooperative alr-ground
systems.

PROGRAM MANAGER: Dr. James P. Jenkins

NASA/OAST/RC

Washingtonj DC 20546

(202) 453-2750
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Human Factors - Space

N89 - 1840 5

The objectives of the space human factors research and technology program are

to provide a technology base for intelligent operator interfaces, especially

with autonomous subsystems, and to develop a new generation of high performance

space suits, gloves, and tools/end effectors to meet the requirements of

advanced space missions. The technology base is intended to provide increased

productivity, efficiency, and safety in complex manned operations within

automated onboard systems and extravehicular activities (EVA) environments.

Crew station research is the first of two major areas. Development of methods

for the astronaut to supervise, monitor and evaluate the performance of robotic

systems, other space subsystems, and orbital vehicles are key areas of

research. Fundamental understanding of the human visual and information

integration capabilities provides a technical basis to develop mathematical,

anthropometric, and graphical models of human interactions with space systems

and equipment. The capability to perceive, evaluate and control robotic

assistants, computer-generated images of actual systems and space structures,

and to interact with such assistants, systems and structures, via computer

models, has achieved an initial feasibility under the name virtual workstation

research. A large scale mock-up of the viewing cupola of the Space Station

provides the means to study the effects of a 90-minute cycle of light-darkness

on windows, on displays and on the astronaut's tasks in the cupola for

proximity operations.

The second major area is development o£ a new extravehicular activity (EVA)

space suit and gloves. A major milestone was accomplished with the completion

of the AX-5 hard suit and its initial test for mobility and ease of donning and

doffing. This suit is a prime candidate for use in the Space Station and

allows the astronaut to don the space suit without extensive pre-breathing of

oxygen. St is being tested and evaluated against a second new EVA suit_ ZPS

Mk. 3p which has both hard metal and fabric features. Also under research and

technology development is a project to study and develop end effector

mechanisms whereby the EVA-suited astronaut can control and supervise robotic

assistants. An important feature of this is a force feedback capability

whereby the user receives feedback of the proportional amount of force being

applied by the robotic end effector to the object being grasped. Also, the

human factors research program includes development of new methods to display

information on the space suit's visor to give to the astronaut a capability to

interact wlth displayed information by means of voice commands.

Emphasis in the space human factors research program is placed on technology

baseline studies and development of methods, techniques and data to support

productive and safe operations by the astronaut and crew as they interface with

complex systems, advanced automation, and robotic assistants.

PROGRAM MANAGER: Dr. James P. Jenkins

NASA/OAST/RC

Washington, DC 20546

(202) 453-2750
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Se_so_ Technology

,N89 - 1840 6

The objective of the Sensor Technology Program is to provide necessary

expertise and technology to advance space remote sensing of terrestrial

planetary and galactic phenomena through the use of electromagnetic and

electro-optic properties of gas, liquid, and solid state materials technology.

The Sensor Technology Program is divided into two sub-programs: a base

research and development part and a Civil Space Technology Initiative (CSTI)

part. The base research and development consists of research on artificially

grown materials such as quantum well and superlattice structures with the

potential for new and efficient means for detecting electromagnetic phenomena.

Research is also being done on unique materials and concepts for detector

components and devices for measuring high energy phenomena such as UV, x- and

gamma rays that are required observables in astrophysical and solar physics

missions. The CSTI program is more mission driven and is balanced among four

major research and development disciplines: (1) detector sensors; (2) sub-

millimeter wave sensors; (3) LIDAR/DL%L sensors; and (4) cooler technology.

The first discipline plans to develop large spatial imaging format arrays in

the near (I - 30 micrometers wavelength) and far (30 - 200 micrometers wave-

length) infrared portions o£ the electromagnetic (EM) spectrum. These goals

are crucial to enable space-borne remote sensing for the various Terrestrial,

Planetary, and Astrophysical missions. The submillimeter discipline is

dedicated to developing the technology to enable heterodyne receiver

instruments for remote sensing in the 300 to 3,000 GHz frequency regions of the

EM spectrum with a focus on developing local oscillators, frequency mixers and

quasi-optlcal technology in this region. Backward wave oscillators, lasers,

and quantum well devices may also have potential as oscillators. In the third

area the acronym DIAL/LIDAR (DIAL means _ifferential _bsorption LIDAR while

LIDARmeans Light _etectlon and _anging) consists of research on techniques for

enabling active remote sensing in which a coherent source such as a laser is

used to probe the environment. Research is concentrated on technology for

obtaining tunable, frequency stable, and pure space quallfiable lasers.

Finally, in the last discipline research is being done on technology to enable

cryogenic coolers in the Kelvin to sub-Kelvln temperature regions in support of

the efforts in the detector and submillimeter wave sensor thrusts. Work

includes research on various cooler concepts such as the pulse tube, adiabatic,

Helium 3, and zero-gravity refrigerators and their corresponding component

development.

PROGRAM MANACER: Martin M. Sokoloski

NASAIOAST/RC

Washington, DC 20546

(202) 453-2748
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